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Th e invention rentes to a ^ 


bags. 


fluids. The fluid which is to be separat d i supp 1 

i~ ~ 1-he svstem and after centru-uy 
. primary bag of r «- ^ ^ fractions , one or 

separation of the fluid mt att ached bags. 

„ore of these fractions is pressed into th 
F or centrifugal separation, specially a f^ ed 
ring -shaped bags are Known ^ ^^Z^ 

rsr"-. type of 

— *- »°r:< roirtinTshC ^ - - *- 

joined by aeans of an outer ' bag is forBe d 

ring-shaped seau. so that a ring sn p 

as well as a plate-shaped inner bag in the cent P 

of the ring. Several chafers nunber o£ 

can be obtained in the inner bag ^ ^ is 

£ilB la yers which are ^ * the outer and 

rrrr^C^a^ each other. 

The fluid which ^^^ZZZ^ 
ring-shaped bag and after centrif g which is 
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co „nected - - - a'lso Xnown £ or 

plurality of chairs. Different m ^ 

achieving the compressive pressure on the beg 
is in the rotor end undergoing rotation. 


•„,, of view of cost it is advantageous if the 
From a point of view Mte rial which is 

inner bag can be of the outer 

ohtained from the regaining centra port ^ 

tea . lf a large volume is «^ f « ba , ui il he 

means however that the diameter °*™° U ™J iions and 
large, which is a disadvantage with many appll 
regies centrifuges with large rotor dialers. 

„• , of the present invention is to provide an 
» object of the pr ed type whlo h gives 

proved »>l-lll™°l™l regara toe choice of the volume 

" -g - tne dialer of the outer bag. 

.his and other ob.ects and "•^SZ.'Z."^ 
in more detail in the following description, 
by a bag-system as defined in the claims. 

tt us the bag-system comprises an 

shaped outer -» the 

^ °' Teu" s oUr more connecting channels between 
rlng , as well as one ^ ^ tt 

the interiors of these d y - lro uiar centre part 

b^^^-^^^°^. position for 
on which the outer bag is -ount ^ 
centrifugation whereby the - bag ^g ^ 
shape around the centre part by » 
ring-shortening . 
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The centre part also has the task of facilitate the 
idling of the bag-system as well as fixing the xnner bag 
ln the intended position for centrifugation. The centre 
P art has an inner cavity, in which the inner bag is pi ced 
in a way which limits its radial spreading but « 
expansion in the axial direction when it is fi led with 
f^uid. The inner cavity has a diameter which is less than 
L diameter of the inner bag whereby the inner b, r« 
pressed into the cavity so that its 

aiong the walls of the cavity. The centre part preferably 
has essentially the form of a downwardly-open cylinder. 

The contractive ring-shortening of the outer bag can be 
Sieved by a section of the ring being gathered together 

nt a fold. The inner ring-shaped fluid 
the bag is thereby blocked. The fold can be Jj£ 
ring so that two overlapping bag ends are obtained as well 
Z a serial piece between the bag ends which renins 
empty and blocked for fluid flow. The outer bag can also be 
cuf and the resulting free ends sealed. The shorten^ of 

+->,on bo achieved by drawing the ends together 
the baa can then be acnieveu . . _ 

To that they overlap each other. The bag can also be cut in 
two places and the intermediate material piece removed 
thereby the free ends are drawn towards each other in a 
corresponding manner until they overlap. 

„ue to the fact that the circle-shaped fluid 
I the outer bag is blocked or interrupted, a flow of the 
fluid around the bag when the centrifuge accelerates or 
retards Is prevented, which accelerates the commencement 
Of Te separation procedure and prevents silting up when 
the rotor is slowed down. 
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ra e separation chafer in the rotor is adapted to the 
conical for* of the shortened outer hag. Due to the fact 
that the separation occurs in a radial direction a. a 
relatively narrow conical chafer, an angular separation 
Z act and a fast separation are achieved. The separation 
; 21 the radial direction is shortly before the specific 
heavier component meets an oblique surface which leads it 
to the bottom part of the cone. 

A central placement of the inner bag in the middle of the 

rotor combined with a limited spreading in the radial 
rotor o cn in ^ 

direction means that the fluid -wnicn 

inner bag is subjected to a limited field of force. This 
^ shown itself to be particularly important when recover- 
Z Particle suspensions, e.g. thrombocyte suspensions 
since a re-sedimentation and undesirable aggregate forma 
tion of the particles has to be avoided. 

The bag-system according to the invention is also particu- 
larly suitable for recovery of bone marrow cells by 
centrifugal separation of bone marrow suspensions. 

The invention will now be described in more detail with 
reference to the accompanying figures. 

shows an embodiment of an outer and an inner 
bag for a bag-system according to the inven- 

tion. 

shows a partially different embodiment of an 
outer and inner bag according to the inven- 


Fig.l 


Fig. 2 


tion. 
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Fia 3 shows a cross-section through the rigid centre 

part for a bag-systeia according to the in- 
vention. 

Fig . 4 shows the centre part according to Fig. 3 in 

horizontal section* 

shows a sectional view through a bag-system 
according to the invention with rigid centre 
part according to Figs. 3-4. 

Fig. 6 shows the bag-system according to Fig. 5 in 

horizontal section. 

shows a sectional view through a bag-system 
with double inner bag chambers, mounted xn a 
centrifuge rotor. 

shows the centrifuge rotor seen from above. 

Figs 9-11 shows schematically the use of a bag-system 
5 according to the invention during recovery of 

thrombocyte suspension. 

Figure ! thus shows an embodiment of an outer. «"» ti -" y 
r n^-sh^d outer bag 1 and a central, essentially =ir- 
Tar, inner bag a forced from the central ^portion -~ 
rlng . . interior of the ^ are 1 in 
: £ ~ outer bag is provided with „ .additional 
connection 6 for supplying and removing of 
fro. the outer bag. *» orifice 4 is placed x. a radially 
inwardly directed bulge 7 of the outer bag. when the 
Ughter enriched phase against the centre of the rotor is 
Pressed out of the outer bag after separation by Beans of 
P ressu~ being applied to this, vortex formation can easily 


Fig. 8 
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occur around the cutlet opening and part, of the next phase 
can b e sucKed out. By placing the orifice * on a bulge 
which extends radially further inwardly than the other 
"arts of the outer bag and by forming the rotor so that 
thfs part of the bag forms a relatively narrow gap between 
Z rotor and the rotor cover in the height direct^ the 
vortex formation around the orifice 4 can be avo ded and 
the lighter phase can be recovered with high quality 
high yield. 

The outer bag is further provided with a nuBber of attach- 
ment means, e.g. eyelets 8. for attachment of -e ou«r bag 
onto a stiff centre part, which will be desert in more 
detail with reference to Figs. 4-7. 

5 The bags are produced by two plastic films being placed 

lr each ot*er and seaied together with an outer ™g weld 
, and an inner ring weld 10. The latter weld „ ' 
it either separates the bags totally from each other 
maKes the. separable from each other by tearing off. 

Fia 2 shows a partially different embodiment of a bag 
Fig. 2 sno.*. r A ,„ m „ from what has been 

according to the invention and differs from wn 
according lnner rlng 

described with reference to Fig. 1 » ™ 
weld 10 is somewhat eccentridy placed with respect to the 
outer The outer bag is thereby wider in the area of the 
orificeTof tube 3 in the outer bag. This wider portion 
fu is the same function as the bulge 7 in the embodiment 
• . „„ , * wider part of the outer bag is 
according to Fig. 1. The wia p betwe en 
olaced in a corresponding manner in the narrow g p 
Z «tor and the rotor cover. Details which correspond to 
fa h other in the figures have been -noted with the same 
reference numeral. The ring-shape of the outer bag is cut 
and the thereby resulting free ends U and 1, are closed^ 
35 The cutting can e.g. be carried out by means of a weld 

which at the same time seals the ends. In the shown 
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embodiment the outer bag is : \^;Zr^T:^ 

from each other, me im-^ 

Loved. The essentiaUy ring-shaped cuter bag is thus 

i inner fluid communication, 

from any circulating inner iiux 

C eLi t ugation, a rigid ^J^T* ~ oL» 

- — b -. is m r; „:ir it :; ~- » * «- 

part and the inner bag inside 
centre part. 

- ™,n thereby be lifted into and out of the 
The bag-system can thereby » ^ an 

ro tor with a simple hand grip. Figs 3 _ 
^iment of such ^trepar i nthe ^ _ 

ly -o P en cylinder Pig 3 sh ^ ^ ^ horizontal 

centre part and Fig. 4 sno Drov ided with a 

B section. The cylinder, at its open^. is P~ ^ ^ 

conical inclined rim 18, in whi coopera te 
edge is fastened in the fastening ^ its 
with the fastening eyelets 8 in tn 

ftcm the upper side of the centre part to aU 
of clamp valves or optica! sensors etc. onto the 
the bag-system is placed in the rotcr. 

■ , »nd 6 show a complete bag-system with centre part 
ri gs. 5 and 6 shew J respectively. The inner 

in section and in horizon ^ ^ 
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3-4. The 


„ „. ». . «n—r — «... » 

larger aia k into the maximum volume 

to have only a marginal intrusion in^ 
L0 which can be taKen up in the inner bag. 

. awot . pr f 0r its inner edge 

to fit onto the rim 18 . bag is shorte „ed by 

«" ^ ^ "eintX- father into a fold » 
15 a section of the ring being £luid C omauni- 

vhich is laid onto the ring. The =°""nuous £1 

oonioall, inclined - ^r^trta/a small 

25 the hags being manufactured with a diame 

dependent on the volume which the inner bag 2 
have, i.e. the central section of the outer bag. 

« a 7 shows a section through a bag-system placed in a 
bag-system^ has an inner g ^ ^ ^ ^ ^ 

rTentn base 5 of the rotor and 30 its cover , 
I , 31 for hydraulic fluid passes through the a*is of 
channel 31 for **** 32 where a ring- 

the rctor to the rotor s ring ^ o£ 

shaped hydraulic chamber 33 is delimit 
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the ring chamber by a membrane 34. The outer bag is placed 
in the ring chafer and its bulging portion 7 is positioned 
in the gap 35 between the base of the rotor and its cover 
^connection tube 3 which has an orifice in the bulge 7 
in the outer bag, branches into a branch ,« which has an 
orifice in the upper inner bag chamber 27 and a branch 37 
which has an orifice in the lower. The branch 
piaced in clamp valves 38 and 3, which are 
L preyed operation of the centrifuge and/or photo 
cells which detect the displacement of the boundary surface 
of the phase in the connection tube 3. The outer bag is 
connected with an additional tube 6 which is drawn up 
Trough the hole 22 in the cassette and further through 
hole I. in the rotor cover. The tube is used for tai», * 
L outer container with the fluid which is to ^ separated 
and is thus accessible fro, the outside of « 

filling of the outer container the tube is closed with tube 
filling or ^ ^ in the rotor 

welding tongs and is piacea xn y 


cover. 


instead of a branched connector tube 3, the outer bag can 
Connected to each of the cheers in the inner bag via 
separate tubes and one-way valves in the same way as 
described in wo .,,««. - *>- — ^ ^ f " 
washing operations such as described in said document. 

The bag-system according to the invention can thus be used 
Z 2 separation of blood and otiier biological fluids and 
with treatment of such fluids with different «P--£ 
T »e system wit!, double inner ba, chambers and branched 
connector tube between outer and inner bag can be used when 
nervation into three different fractions should occur 
Two fractions are each led to their respective inner bag 
chamber and the third remains in the outer bag. 


35 
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The bag-system according to the invention is specially 
adapted for recovering thrombocyte suspensions from 
isolated buffycoat fractions, which is schematically shown 
in Figs. 9-11. Buffycoat is recovered as an intermediate 
fraction by centrifugal separation of whole blood. A number 
of buffycoats 42, e.g. six, are transferred via the tube 6 
to the outer bag 1, upon which the tube 6 is cut and sealed 
with tube welding tongs (Fig. 9). The buffycoats are 
centrifuged and divided up in a thrombocyte-rich plasma 43 
and a remaining volume 44 (Fig. 10). This centrifugation 
occurs with a certain amount of care in order to avoid 
centrifuging out of the thrombocyte cells. The conical 
angulation of the outer bag and the relatively small 
diameter are thereby a large advantage. A pressure is 
brought to bear thereafter on the outer bag and the 
thrombocyte suspension is pressed during on-going centrifu- 
gation via the tube 3 to the inner bag 2 (Fig. 11) - The 
inner bag will thereby expand in the vertical direction 
whilst its radial spreading is fixed by the centre part 
20 (not shown) . 

Since the thrombocyte suspension is transferred to the 
centre of the rotor and is maintained in a limited area m 
the radial direction, it will only be subjected to a weak 
25 centrifugal force as soon as it is recovered. If the 

thrombocyte suspension is subjected to a lengthy strong 
centrifugal force, an undesired aggregate formation occurs 
and loss of thrombocyte cells. The special requirements 
which are made for recovery of thrombocyte suspension of 
high quality and high yield are thus fulfilled by the bag- 
system according to the invention. 

Another field of application where the bag-system according 
to the invention is especially suitable is bone marrow 
35 separation. Bone marrow separation is applied in connection 

with cancer treatments using large doses of radiation 
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treatment. Bone marrow is taken out of the patient before 
the radiation treatment and, through various separations 
and washing procedures, bone marrow cells are isolated 
which are re-transfused after the radiation treatment. 

A known procedure for isolation of bone marrow cells 
comprises the following steps: 

a) centrifugal separation of bone marrow suspension in 
three fractions and collecting the intermediate fraction, 

10 buffycoat; 

b) the buffycoat fraction from step (a) is centrifuged one 
ffi ore time in a separation fluid, commonly Picoll (product 
name, Pharmacia Fine Chemicals AB) , and an intermediate 
fraction which contains the collected bone marrow cells; 

c) washing of the collected fraction from step (b) for 
recovery of re-transf usable bone marrow cells. 

The bag-system according to the invention can be used in 
such a process in the following manner: 

in step (a) a bag-system with double chambers in the inner 
bag is used and a branched connection conduit from the 
outer bag to the inner bags, i.e. of the type which is 
shown in Fig. 7. The outer bag is supplied with a batch of 
bone marrow suspension, which via centrifugation is divided 
up into plasma, buffycoat (comprising the bone marrow 
cells) and remaining products. Due to the influence of 
pressure on the outer bag the plasma fraction is thereafter 
pressed, during on-going rotation, to the first inner bag 
and thereafter a determined amount of buffycoat to the 
second inner bag, the remaining products being left in the 
outer bag. 

in step (b) a similar bag-system as in step (a) is used. 
The separation fluid (Picoll) is supplied to the outer bag 
and a suspension of the buffycoat fraction from step (a) is 


20 


25 


30 
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added carefully so that it forms a layer above the separa- 
tion fluid. The centrifuge is started slowly so that mixing 
is avoided. Depending on the specific weight of the cells, 
they will migrate through the separation fluid or stay 
above this during centrifugation. The bone marrow cells are 
enriched in a layer above the separation fluid. The 
supemate (plasma) is thereafter pressed, during on-going 
centrifugation, into the first inner bag chamber and 
thereafter an intermediate fraction consisting of the layer 
closest above the separation fluid (containing the bone 
ma rrow cells) is pressed into the second inner bag chamber. 
The heavier cell material remains in the outer bag. 

in step (c) a bag-system with a single chamber inner bag 
can be used, i.e. of the type which is described with 
reference to Fig. 5. The fraction of bone marrow cells 
loaded with separation fluid from step (b) is transferred 
to the outer bag and a suitable washing fluid is supplied. 
After centrifugation the used washing fluid is pressed out 
into the inner bag. New washing fluid can then be supplied 
to the outer bag via a tube (such as is shown in Fig. 7) 
accessible from the outside of the rotor cover and the 
washing procedure can be repeated as required. The washed 
bone marrow cells are isolated in the outer bag. 

With the bag-system according to the invention a cheaply 
priced treatment set can be obtained, which allows the 
separation of biological fluids during on-going centrifuga- 
tion into separate component containers without the fluids 
passing complicated, expensive and sterility-unsafe 
rotating couplings. Despite a small diameter, which can be 
adapted to an existing centrifuge type, relative large 
volumes can be taken up in the inner bag. The bag-system is 
therefore useable for many different types of separations. 
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1. Bag-system for use in centrifugal separation 
comprising an outer, essentially ring-shaped outer bag (1) t 
and a central inner bag (2), which is formed from the 
central part of the ring and preferably being detachable 
from the ring; and one or more connecting channels (3, 36, 
37) between the interiors of said bags, characterized by a 
rigid, circular centre part (16) on which the outer bag is 
mounted in a position for centrifugation whereby the outer 
bag is given a conical shape around the centre part by 
means of a contractive ring-shortening of said bag. 

2. Bag-system according to claim 1, characterized in 
that the outer bag has two free ends, which are formed by 
cutting the ring and sealing the resulting ends, and that 
said free ends are wrapped one over the other to shorten 
the ring when the bag is mounted on the centre part. 

3 Bag-system according to claim 2 , characterized in 
that the ring is cut in two places and the material section 
inbetween is removed. 

4. Bag-system according to claim 1, characterized in 

that the outer bag is shortened by a fold. 

5 Bag-system according to claim 1, characterized in 
that the rigid centre part (16) has a cavity (17) in which 
the inner bag is positioned and which cavity is arranged to 
restrict the radial dimensions of the inner bag but to 
allow an axial expansion of said bag when it is filled with 
a liquid. 
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6. Bag-system according to claim 1, characterized in 
that the inner bag comprises two or more compartments (27, 
28) arranged over each other, each of them communicating 
with the outer bag through separate or branched connecting 
channels. 

7. Bag system for use in centrifugal separation 
comprising an outer, essentially ring-shaped outer bag (1) ? 
and a central inner bag (2) which is formed from the 
central part of the ring and being preferably detachable 
from the ring; and one or more connecting channels 
(3,36,37) between the interiors of said bags, characterized 
in that at least one of said channels is connected to the 

15 outer bag at a point displaced in the direction against the 

center of the outer bag compared with the outer border of 
the inner bag in an embodiment in which the inner bag is 
defined by a complete circle arranged concentrically in the 
outer bag. 
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8. Bag-system according to claim 7 characterized in 
that the outer bag has a radial, inwardly directed ex- 
tension (7) in which an opening for the connecting channel 
is situated. 

9. Bag-system according to claim 7 characterized in 
that the central part of the outer bag, which is used as 
the inner bag, is somewhat eccentrically located so that 
the outer bag is wider on one side and that an opening (4) 
for the connecting channel is situated at the inner edge of 
said wider side. 


10. Use of a bag-system according to any of the 
claims 1-9 for obtaining a thrombocyte suspension by 
35 centrifugal separation of buffycoat fractions. 
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H use of a bag-system according to any of the 
claims 1-9 for recovering bone marrow cells by centrifugal 
separation of bone marrow suspensions. 

12. Use of a bag-system according to claim 11, cha- 
racterised in that the separation comprises the steps of: 

a) centrifugal separation of bone marrow suspensions into 
three fractions and utilizing an intermediate fraction, 

10 buffycoat; 

b) centrifugal separation of the buffycoat fraction from 
step (a) into three fractions and utilizing a bone marrow- 
containing intermediate fraction; 

c) washing the utilized fraction from step (b) , whereby in 
step (a) and (b) bag-systems are used having two-compart- 
me nt inner bags (2) and a branched connecting channel (3, 
36, 37) between the outer bag and the two compartments (27, 
28) of the inner bag. 
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